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(57) Abstract: 

PROBLEM TO BE SOLVED: To sense external magnetic fields by means of a 
magnetic field sensor using a Hall effect. 

SOLUTION: In the sensor section of the magnetic field sensor, a material 
containing a magnetic material, such as a compound material of FeN, 
etc. , having a large abnormal Hall effect, a magnetic semiconductor 
having a zincblende structure, an oxide having a perovskite structure, 
etc. , is used. The sensor is formed in an element-like shape that can 
induce a magnetic field in the in-plane direction of a film by 
respectively arranging the current terminal and voltage terminal of the 
film in the thickness direction and in-plane direction of the film. 
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CLAIMS 



[Claim (s)] 

[Claim 1] The field sensor characterized by having the 1st electrode 
layer, the magnetic film in which the abnormality hall effect formed on 
said 1st electrode layer is shown, the 2nd electrode layer formed on 
said magnetic film, and the 3rd and 4th electrodes connected to two 
fields mutually estranged in the direction of a film surface of said 
magnetic film, respectively. 

[Claim 2] It is the field sensor characterized by being the 
ferromagnetic film or antiferromagnetism film containing at least one 
kind of element with which said magnetic film was chosen from iron, 
cobalt, nickel, and manganese in the field sensor according to claim 1. 
[Claim 3] It is the field sensor characterized by ****** by at least one 
kind of element with which said magnetic film was chosen from iron , 
cobalt , nickel , manganese , vanadium , and chromium in the field 
sensor according to claim 1 , a gallium and arsenic , an indium , 
antimony , silicon , germanium , the tellurium , the zinc oxide , the 



ferromagnetic film that consists of a compound with a semiconductor 
material with the zinc blende structure containing at least one chosen 
from the titanic-acid ghost , or the antiferromagnetism film . 
[Claim 4] It is the field sensor characterized by being at least one 
kind of element with which said magnetic film was chosen from iron, 
cobalt, nickel, manganese, vanadium, and chromium in the field sensor 
according to claim 1, a gallium and arsenic, an indium, antimony, 
silicon, germanium, a tellurium, a zinc oxide, the ferromagnetic film 
that produced the semiconductor material containing at least one of the 
titanium oxide by carrying out a laminating, or the antiferromagnetism 
film. 

[Claim 5] It is the field sensor characterized by being the 
ferromagnetic film or the antiferromagnetism film with the perovskite 
structure containing three or more kinds of elements with which said 
magnetic film was chosen from a lanthanum, strontium, calcium, manganese, 
boron, copper, and oxygen in the field sensor according to claim 1. 
[Claim 6] The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
field sensor characterized by detecting the electrical potential 
difference which generates a current between a sink, said 3rd electrode, 
and the 4th electrode between said 1st electrode and 2nd electrode. 
[Claim 7] The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
field sensor characterized by detecting the electrical potential 
difference which generates a current between a sink, said 1st electrode, 
and the 2nd electrode between said 3rd electrode and 4th electrode. 
[Claim 8] The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
component which detects the electrical potential difference which 
generates a current between a sink, said 3rd electrode, and the 4th 
electrode between said 1st electrode and 2nd electrode Two or more 
implications, The field sensor characterized by connecting to a serial 



the electrode which detects the electrical potential difference of each 
component, and connecting each electrode so that the current of at least 
one component may flow to other components and hard flow. 
[Claim 9] The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
component which detects the electrical potential difference which 
generates a current between a sink, said 1st electrode, and the 2nd 
electrode between said 3rd electrode and 4th electrode Two or more 
implications, The field sensor characterized by connecting to a serial 
the electrode which detects the electrical potential difference of each 
component, and connecting each electrode so that the current of at least 
one component may flow to other components and hard flow. 
[Claim 10] The magnetic head characterized by using the field sensor of 
claim 1-7 given in any 1 term as said field sensor in the magnetic head 
containing the field sensor arranged between magnetic shielding of a 
pair which consists of lower magnetic shielding and up magnetic 
shielding, and magnetic shielding of said pair. 

[Claim 11] In the magnetic head containing the field sensor arranged 
between magnetic shielding of a pair which consists of lower magnetic 
shielding and up magnetic shielding, and magnetic shielding of said pair 
said field sensor The 1st electrode layer and the 1st magnetic film in 
which the abnormality hall effect formed on said 1st electrode layer is 
shown, The 2nd electrode layer formed on said 1st magnetic film, and the 
2nd magnetic film in which the abnormality hall effect formed on said 
2nd electrode layer is shown, the 3rd electrode layer formed on said 2nd 
magnetic film — having — said the 1st magnetic film and 2nd magnetic 
film — a medium opposed face — abbreviation — the magnetic head 
characterized by detecting the electrical potential difference which 
generates the current of an parallel direction between a sink, said 1st 
electrode layer, and the 3rd electrode layer. 

[Claim 12] In the magnetic head containing the field sensor arranged 
between magnetic shielding of a pair which consists of lower magnetic 
shielding and up magnetic shielding, and magnetic shielding of said pair 
said field sensor The 1st electrode layer and the 1st magnetic film in 
which the abnormality hall effect formed on said 1st electrode layer is 
shown, The 2nd electrode layer formed on said 1st magnetic film, and the 
2nd magnetic film in which the abnormality hall effect formed on said 
2nd electrode layer is shown, the medium opposed face which is equipped 



with the 3rd electrode layer formed on said 2nd magnetic film, impresses 
a current between said 1st electrode layer and 3rd electrode layer, and 
is generated in said the 1st magnetic film and 2nd magnetic film — 
abbreviation — the magnetic head characterized by compounding and 
detecting the electrical potential difference of an parallel direction. 
[Claim 13] Magnetic shielding of a pair which consists of lower magnetic 
shielding and up magnetic shielding, In the magnetic head containing the 
magnetic York film which draws an elongation field in the component 
height direction inside from the location which it has been arranged 
between magnetic shielding of said pair, and was exposed to the medium 
opposed face, and a field sensor The magnetic film which said magnetic 
sensor shows the abnormality hall effect by which it was formed on the 
1st electrode layer and said 1st electrode layer, It has the 2nd 
electrode layer formed on said magnetic film, and the 3rd and 4th 
electrodes connected to two fields mutually estranged in the direction 
of a film surface of said magnetic film, respectively. The magnetic head 
characterized by being arranged in the location which retreated from the 
medium opposed face of said magnetic York film at the cutting section of 
said magnetic York film. 

[Claim 14] It is the magnetic head to which lay length with said field 
sensor parallel to a medium side is characterized by the ******** from 
lay length perpendicular to a medium side in the magnetic head according 
to claim 11, 12, or 13. 

[Claim 15] The field sensor film which records information, and the bit 
line linked to said field sensor film, The word line which is in the 
location distant from said field sensor film, and counters with said bit 
line on both sides of said field sensor film, and intersects 
perpendicularly with said bit line, and performs record actuation to 
said field sensor film, In the magnetic storage component in which the 
eel equipped with the multiplier system which amplifies a record signal, 
and the read-out word line which switches read-out writing has the 
structure arranged in parallel [ two or more ] The magnetic storage 
component characterized by being the field sensor of claim 1-9 given in 
any 1 term by which said field sensor contains the ferromagnetic which 
shows an abnormality hall effect. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a field sensor and 
the magnetic head excellent in especially re-biodegradation ability 
about the magnetic head for reproducing the information recorded on the 
field sensor and magnetic disk for sensing a field 
[0002] 

[Description of the Prior Art] The recording density in a magnetic 
recorder and reproducing device is continuing remarkable improvement, 
and the magnetic-recording reproducing head has the high demand of high- 
performance-izing about both the properties of record and playback. 
About the playback component, it is required that the technique of three 
points of improvement in (1) high-sensitivity-ized technique, the 
improvement in narrow-ized technical of (2) width of recording track, 
and improvement in the narrow-ized technique of (3) playback gap spacing 
should be raised. About (l), high sensitivity-ization is advanced by 
developing the MR head using a magneto-resistive effect. Although the 
magnetic signal on a record medium was changed into the electrical 
signal using the anisotropy magneto-resistive effect (AMR) in the low 
recording density of a number (Gb/in2), if it becomes the high recording 
density exceeding this, it has corresponded to this high recording 
density using the giant magneto-resistance (GMR) from which high 
sensitivity is obtained more. The structure called a spin bulb, for 
example to JP, 4-358310, A is describing the magnetic head using' GMR. The 
spin bulb is constituted from the fixed bed which consists of the 
magnetic substance with which magnetization was fixed in the specific 
direction, and a free layer which consists of a magnetic film with which 
the laminating was carried out to this fixed bed through the nonmagnetic 
thin film by the antiferromagnetism layer, and electric resistance 
changes at the relative include angle of magnetization of the fixed bed 
and a free layer. 

[0003] However, the new playback system for coping with the further high 
sensitivity-ization is needed by progress of high-sensitivity-izing of 
these days, the advance GMR effectiveness now called the speculer GMR 
which aimed at increase of an output according to the multiple echo 
effectiveness of electronic spin on both sides of the rate ingredient of 
the hyperpolarization, or the oxide layer to the interface of GMR 
structure, and N0L-GMR as this candidate — or GMR (CPP-GMR) and the 
tunnel magneto-resistive effect (TMR) of the method which passes a 
detection current are leading for a direction perpendicular to a film 
surface. 



[0004] Such effectiveness is based on application of the magnetic- 
reluctance change phenomenon in a magnetoelectric effect. Here a hall 
effect is also a kind of an electromagnetic effect, and when a' field is 
impressed m the direction which intersects perpendicularly with the 
current which flows the inside of the matter, it is the phenomenon which 
an electrical potential difference generates in a current and the 
direction which intersects perpendicularly with both of a field The 
hall effect is recognized for many years and the carrier consistency and 
the electronic scattering coefficient are involving. A semi-conductor is 
used for an ingredient and it is applied to field measurement as a hall 
device by the end of today. The attempt which is going to apply this to 
the magnetic head is indicated by JP, 2-308409, A etc. In this case, like 
the hall device which consists of a semi-conductor, the electrode' of 
four terminals of a current terminal and an electrical-potential- 
difference terminal is taken within a film surface, it is the method 
which measures a signal field perpendicular to a film surface, and the 
thing which superimposed two of these, and the device (differential 
mold) which senses the reversal part of a field is proposed by using the 
structure where component thickness is narrower than bit spacing of 
magnetic recording. Moreover, the fundamental principle over the Men 
inner magnet mind record is proposed as a field sensor which used the 
abnormality hall effect of 3d metal for JP, 9-289344 A 
[0005] 

[Problem(s) to be Solved by the Invention] Since it is a field sensor 
using the structure where a difficult point, and CPP-GMR and TMR it is 

TMR ] a still high sensitivity magnetic-reluctance sensor pass a sense 
current perpendicular to a film surface that a record component takes 
out record field sufficient by the conventional Men inner magnet mind 
recording method when the prospective structure of a playback component 
is considered, it is thought that it comes to shift to the structure of 
passing the sense current of a CPP method. However, when such structure 
is adopted and component area of the magnetic-reluctance sensor film is 
made small, the volume which the magnetic film thickness in which the 
sensor film is constituted from a detail and thin-f ilm-izing occupies 
L a magnetic-reluctance sensor component ] becomes small, the 
magnetization rocks by heat fluctuation, and the new problem of it 
becoming impossible to secure a predetermined magnetization ratio arises 
L0006J Although the present semi-conductor hall device ingredient has an 
advantage from output voltage being linearity about wide range field 
measurement to a field fundamentally when a hall effect is used the 
output to a minute field is small. Moreover, since these semiconductor 



materials are generally nonmagnetic (diamagnetism) , when a field sensor 
is constituted, they are difficult to centralize the leakage field from 
a record medium in the sensor section, and they are difficult to raise 
sensibility. To make the field sensor of high sensitivity from such film, 
the sensor film with large making it structure which a field 
concentrates on the sensor section and output to a magnetic field is 
required. 

[0007] This invention aims at offering structure applicable to the 
magnetic head or MRAM, and a field sensor with a configuration in view 
of the trouble of a field sensor of having used such a hall effect 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, a field sensor consists of this inventions using the ingredient 
in which an abnormality hall effect (magnetic-substance hall effect) is 
shown. This field sensor detects the signal containing an abnormality 
hall effect component by impressing a field. 

[0009] Drawing 1 is drawing showing the field B about an ingredient with 
a hall effect, and an ingredient with an abnormality hall effect, and 
the relation of the Hall voltage Vh. The field sensor using the ' 
conventional hall effect (normal hall effect), especially the thing 
currently used as a hall device used nonmagnetic semi-conductors, such 
as InSb. Output (Hall resistance) rhoH at this time is a value which 
sets^an external magnetic field (flux density) to B, is described to be 
rhoH-RHB so that drawing 1 may also show, and is proportional to an 
external magnetic field B. Here, RH is a Hall constant and has the 
description in inverse proportion to the carrier consistency of the 
matter used as a sensor. On the other hand, when an ingredient with a 
hall effect is the magnetic substance, output (Hall resistance) rhoH 
sets magnetization of B and the magnetic substance to M, and an external 
magnetic field (flux density) is expressed as rhoH=RHB+RSM. This Rs is 
an abnormality Hall constant. Moreover, this rhoH has a component 
proportional to Magnetization M. Furthermore, Rs(es) are temperature and 
the value m which the fluctuation of magnetization participated. 
Therefore, since rhoH is proportional to the magnetization M of the 
magnetic substance in the magnetic substance which the field dependency 
of the magnetization in a low field becomes from large soft magnetic 
characteristics, change of the abnormality Hall resistance in a low 
field, i.e., the value of Rs, is large. Therefore, in this invention 
aiming at offer of the sensor film which carries out sensing of the low 
field, a value with an output higher to use an abnormality hall effect 
peculiar to the magnetic substance for the ingredient of the sensor film 



using the ingredient containing a magnetic material may be acquired. 
[0010] The electrode was conventionally prepared in four in a film 
surface, about the relation of the direction of a current, the direction 
of a field, and the output voltage direction, in the film surface, the 
field was impressed for the current in the direction of thickness with 
the sink, and the electrical potential difference generated in the 
direction of a current of a film surface and the direction which 
intersects perpendicularly had been obtained as an output at this time. 
In order that electrode layer thickness may be overlapped in addition to 
the component surfacing height in the usual magnetic head in order to 
have to take the structure where an electrode is in a medium side rather 
than the sensor film of a medium opposed face when application in 
structure like the magnetic head is considered by the usual film, and a 
film surface is made parallel in a medium side, and the distance' 
(effective surfacing height) of the sensor film and a medium side may 
open, the field which reaches the sensor film becomes weak. On the other 
hand, the structure which can sense the field from a medium by the 
minimum loss by taking the hall device structure which does not have an 
electrode in a medium confrontation side side was devised. This becomes 
possible by taking a current or an electrical potential difference in 
the direction of thickness. 

[0011] It is the structure which a magnetic field tends to concentrate 
on a sensor part in the case of an abnormality Hall effect element at 
this time since only the sensor film is a magnetic film. However, in 
order to raise the effectiveness of field concentration, the 
effectiveness of an output over a field can be improved by applying the 
York structure and flux guide mold structure which make a perimeter 
magnetic-circuit structure and use a part as the sensor film. 
[0012] As an ingredient in which such an abnormality hall effect is 
shown, the ferromagnetic metal by 3d electron like iron, cobalt, and 
nickel before, the alloy, etc. were considered. For example, since the 
abnormality hall effect by the ingredient which carried out impurity 
addition often tends to increase in proportion [ almost ] to high 
impurity concentration or electric resistance (there are a component in 
direct proportion and a component which carries out the example of a 
duplicate ratio), the metallic material which carried out impurity 
addition is also considered again. Moreover, there is an inclination to 
be from the latest research in the critical state that it is a 
ferromagnetic although the energy accompanying electron correlation 
tends to govern the physical property of a system and tends to become 
antiferromagnetism in a certain presentation neighborhood with some [, 



such as LaStMnO and LaCaMnO, ] ingredients with the presentation of the 
border area of the antiferromagnetic substance and a ferromagnetic, and 
for rocking (fluctuation) of each spin to become large, and big 
abnormality Hall resistance may be seen at this time. Moreover, in the 
magnetic semiconductor which consists of ingredients which combined the 
magnetic substance and a semi-conductor, it has turned out that the big 
moment and a big abnormality hall effect are seen. A room temperature 
shows the ferromagnetic-like behavior to the magnetic semiconductor 
which has the crystal structure of a zinc blende type especially and 
which doped transition metals to the thin magnetic semiconductor which 
doped the magnetic substance, such as Mn, to the group III-V 
semiconductor, ZnO, or GaN, and a magnetic semiconductor with other zinc 
blende crystal structures, and the high abnormality hall effect 
ingredient with which the abnormality Hall constant in a room 
temperature becomes more than 1x10-11 Vcm/AG (bolt cm / ampere gauss) 
exists. Therefore, it is possible to make the magnetic device adapting a 
field sensor or this with a desired output from using these ingredients 
for a sensor part. 

[0013] The field sensor and the magnetic head by this invention have the 
following descriptions. 

(1) The field sensor characterized by having the 1st electrode layer, 
the magnetic film in which the abnormality hall effect formed on said 
1st electrode layer is shown, the 2nd electrode layer formed on said 
magnetic film, and the 3rd and 4th electrodes connected to two fields 
mutually estranged in the direction of a film surface of said magnetic 
film, respectively. 

(2) It is the field sensor characterized by being the ferromagnetic film 
or antiferromagnetism film containing at least one kind of element with 
which said magnetic film was chosen from iron, cobalt, nickel, and 
manganese in the field sensor given in (l). 

[0014] (3) It is the field sensor characterize by be the ferromagnetic 
film or antiferromagnetism film which consists of a compound with a 
semiconductor material with the zinc blende structure containing at 
least one chose from at least one kind of element with which said 
magnetic film was chose from iron, cobalt, nickel, manganese, vanadium, 
and chromium in the field sensor given in (l), a gallium and arsenic, an 
indium, antimony, silicon, germanium a tellurium, a zinc oxide, and 
titanium oxide. 

(4) It is the field sensor characterized by being at least one kind of 
element with which said magnetic film was chosen from iron, cobalt, 
nickel, manganese, vanadium, and chromium in the field sensor given in 



(1), a gallium and arsenic, an indium, antimony, silicon, germanium, a 
tellurium, a zinc oxide, the ferromagnetic film that produced the 
semiconductor material containing at least one of the titanium oxide by 
carrying out a laminating, or the antiferromagnetism film. 
[0015] (5) It is the field sensor characterized by being the 
ferromagnetic film or the antiferromagnetism film with the perovskite 
structure containing three or more kinds of elements with which said 
magnetic film was chosen from a lanthanum, strontium, calcium, manganese, 
boron, copper, and oxygen in the field sensor given in (l). 
(6) The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
field sensor characterized by detecting the electrical potential 
difference which generates a current between a sink, said 3rd electrode, 
and the 4th electrode between said 1st electrode and 2nd electrode. 
[0016] (7) The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
field sensor characterized by detecting the electrical potential 
difference which generates a current between a sink, said 1st electrode, 
and the 2nd electrode between said 3rd electrode and 4th electrode. 
(8) The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 
direction of a film surface of said magnetic film, respectively. The 
component which detects the electrical potential difference which 
generates a current between a sink, said 3rd electrode, and the 4th 
electrode between said 1st electrode and 2nd electrode Two or more 
implications, The field sensor characterized by connecting to a serial 
the electrode which detects the electrical potential difference of each 
component, and connecting each electrode so that the current of at least 
one component may flow to other components and hard flow. 
[0017] (9) The 1st electrode layer and the magnetic film in which the 
abnormality hall effect formed on said 1st electrode layer is shown, It 
has the 2nd electrode layer formed on said magnetic film, and the 3rd 
and 4th electrodes connected to two fields mutually estranged in the 



direction of a film surface of said magnetic film, respectively. The 
component which detects the electrical potential difference which 
generates a current between a sink, said 1st electrode, and the 2nd 
electrode between said 3rd electrode and 4th electrode Two or more 
implications, The field sensor characterized by connecting to a serial 
the electrode which detects the electrical potential difference of each 
component, and connecting each electrode so that the current of at least 
one component may flow to other components and hard flow. 
(10) The magnetic head characterized by using the field sensor of claim 
1-7 given in any 1 term as said field sensor in the magnetic head 
containing the field sensor arranged between magnetic shielding of a 
pair which consists of lower magnetic shielding and up magnetic 
shielding, and magnetic shielding of said pair. 

[0018] (11) In the magnetic head containing the field sensor arranged 
between magnetic shielding of a pair which consists of lower magnetic 
shielding and up magnetic shielding, and magnetic shielding of said pair 
The 1st magnetic film which said field sensor shows the abnormality hall 
effect by which it was formed on the 1st electrode layer and said 1st 
electrode layer, The 2nd electrode layer formed on said 1st magnetic 
film, and the 2nd magnetic film in which the abnormality hall effect 
formed on said 2nd electrode layer is shown, the 3rd electrode layer 
formed on said 2nd magnetic film — having — said the 1st magnetic film 
and 2nd magnetic film — a medium opposed face — abbreviation — the 
magnetic head characterized by detecting the electrical potential 
difference which generates the current of the same direction of an 
parallel direction between a sink, said 1st electrode layer, and the 3rd 
electrode layer. 

(12) In the magnetic head containing the field sensor arranged between 
magnetic shielding of a pair which consists of lower magnetic shielding 
and up magnetic shielding, and magnetic shielding of said pair The 1st 
magnetic film which said field sensor shows the abnormality hall effect 
by which it was formed on the 1st electrode layer and said 1st electrode 
layer, The 2nd electrode layer formed on said 1st magnetic film, and the 
2nd magnetic film in which the abnormality hall effect formed on said 
2nd electrode layer is shown, The magnetic head characterized by 
compounding and detecting the reverse electrical potential difference of 
an parallel direction to the medium opposed face which is equipped with 
the 3rd electrode layer formed on said 2nd magnetic film, impresses a 
current between said 1st electrode layer and 3rd electrode layer, and is 
generated in said the 1st magnetic film and 2nd magnetic film. 
[0019] (13) Magnetic shielding of a pair which consists of lower 



magnetic shielding and up magnetic shielding, In the magnetic head 
containing the magnetic York film which draws an elongation field in the 
component height direction inside from the location which it has been 
arranged between magnetic shielding of said pair, and was exposed to the 
medium opposed face, and a field sensor The magnetic film which said 
magnetic sensor shows the abnormality hall effect by which it was formed 
on the 1st electrode layer and said 1st electrode layer, It has the 2nd 
electrode layer formed on said magnetic film, and the 3rd and 4th 
electrodes connected to two fields mutually estranged in the direction 
of a film surface of said magnetic film, respectively. The magnetic head 
characterized by being arranged in the location which retreated from the 
medium opposed face of said magnetic York film at the cutting section of 
said magnetic York film. 

It is the magnetic head to which lay length with said field sensor 
parallel to a medium side is characterized by the ******** from lay 
length perpendicular to a medium side in the magnetic head (14), (11), 
(12), or given in (13). 

[0020] (15) The field sensor film which records information, and the bit 
line linked to the field sensor film, The word line which is in the 
location distant from the field sensor film, and counters with a bit 
line on both sides of the field sensor film, and intersects 
perpendicularly with a bit line, and performs record actuation to the 
field sensor film, In the magnetic storage component in which the eel 
equipped with the multiplier system which amplifies a record signal, and 
the read-out word line which switches read-out writing has the structure 
arranged in parallel [ two or more ] The magnetic storage component 
characterized by being the field sensor of aforementioned (l) - (9) 
given in any 1 term by which a field sensor contains the ferromagnetic 
which shows an abnormality hall effect. 

[0021] As for the above-mentioned field sensor and the magnetic head, it 
is desirable to arrange the magnetic-domain control film for controlling 
a Barkhausen noise which becomes both the sides of the magnetic film in 
which an abnormality hall effect is shown from a permanent magnet 
ingredient. The magnetic head of this invention is incorporable into the 
magnetic recorder and reproducing device which performs record playback 
to a magnetic disk. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of 
this invention is explained with reference to a drawing. 
[Gestalt 1 of operation] drawing 2 is the mimetic diagram showing the 
conventional thin film hall device and the gestalt of the thin film 



field sensor which used the hall effect. When a current is impressed to 
the one direction 201 in a film surface and a field is added in the 
direction 202 of thickness, this applies the phenomenon which 
electromotive force produces in the 203 directions which intersect 
perpendicularly with the both directions of 201, 202, and constitutes the 
field sensor by which the magnetic field strength impressed to the film 
surface is measured as electromotive force. In the field range where the 
relation of the field-voltage characteristic is large, nonmagnetic semi- 
conductors which are proportionality, such as GaAs, InAs, and InSb, are 
reported, and the ingredient which constitutes such a component is put 
in practical use widely. 

[0023] On the other hand, the field sensor by this invention has a 
configuration as shown in drawing 3 . The field sensor of this example 
has the structure which sandwiched the sensor film (film containing the 
ferromagnetic in which an abnormality hall effect is shown) 305 with the 
electrode 304, 306 of two sheets, and where a current is passed in the 
direction 302 of thickness, when a field is impressed to the field 
inboard 303, it senses the output voltage generated in the film surface 
inboard 301. The ingredient which constitutes the sensor film is the 
film constituted with the film containing a magnetic film including a 
ferromagnetic or antiferromagnetism, and the detail of a component is 
mentioned later. 

[0024] Moreover, drawing 4 is drawing showing another example of a 
configuration of the field sensor by this invention. Although the field 
sensor of this example has the structure which sandwiched the sensor 
film (film containing the ferromagnetic which carries out abnormality 
hall effect generating) 405 with the electrode 404,406 of two sheets, it 
senses the electrical potential difference which generates a current in 
the direction of thickness of 402 to the field included in the field 
inboard 403 which intersects perpendicularly with this with a sink in 
the membranous field inboard 401. The film which contains a magnetic 
film including a ferromagnetic or antiferromagnetism as sensor film is 
used. The field sensor shown in drawing 3 and the field sensor shown in 
drawing 4 are the configurations into which a field invades from a film 
cross-section part. 

[0025] The example of component structure by the side of the field which 
counters the medium side of the field sensor explained to drawing 5 by 
drawing 3 is shown. Moreover, the example of structure which looked at 
the component from right above [ of a medium side ] to drawing 6 is 
shown. If drawing 5 is referred to, an electrode layer 502 will be 
formed by the sputtering method for example, in Ar ambient atmosphere on 



a base 501, and the sensor film 503 will be formed further. The 
ingredients used as a base are semi-conductor single crystals (GaAs, Si, 
a dope semi-conductor (InGaAs), InP, etc.), single crystals (MgO, 
sapphire, etc.), glass, a silicon oxide, a ceramic, etc. When bases 501 
were glass, an oxide, and a ceramic, the insulator layer was formed on 
the base, flattening of this was carried out by the approach of carrying 
out chemical machinery polish (CMP), and the thing in which the 
shielding film which consists of the magnetic substance was formed on 
this was used as the base. By performing processing which carries out 
flattening of the film surface by irradiating cluster-like ion in a 
substrate side as an approach for furthermore carrying out flattening of 
this, the surface smoothness of a film surface can be decreased to about 
0. lnm of field granularity, and its substrate using this was also 
effective as a result of component production. The single crystal 
substrate formed and used clarification and a flat front face by 
performing above-mentioned surface treatment or heat-treatment which 
carries out the temperature up of the substrate temperature to 600 
degrees C from 300 degrees C in a vacuum. The production approach of the 
sensor film can adopt for example, the sputtering method, the ion beam 
sputtering method, MBE and CVD, or the galvanizing method. The detail 
over an ingredient is mentioned later. Moreover, with the ingredient, 
from the room temperature, the suitable temperature of the range of 
several 100 degrees C was set up suitably, and was used for the 
substrate temperature at this time. For example, Fe-N, MnGaAs, etc. are 
250 degrees C in substrate temperature, and CrAs was produced at the 
temperature of 200 degrees C. 

[0026] The resist was exfoliated, after carrying out patterning of this 
sensor film to predetermined magnitude and a configuration with the 
resist mask and giving removal means, such as ion milling, to other 
parts. For example, after forming a lift-off pattern on this sensor film, 
the film which becomes the circumference part of that film from the 
505/insulator layer 506 of 504/electrode layers of insulator layers is 
formed similarly, aluminum 203 or Si02 was used for this insulator layer. 
Furthermore, the electrode layer 507 was formed on this. The electrode 
layer 505 should just be insulated to the electrode layer 502,507 of the 
sensor film upper and lower sides, whether it is in contact in the 
cross-section part of the sensor film even if it consists of Au and is 
in contact on the film surface of the sensor film 503, or it is in 
contact by the both. An approach to pull out these four electrodes is a 
gestalt as shown in drawing 6 . Cu, Ru, Cr, Ta/Au/Ta, aluminum, etc. can 
be used for an electrode material other than Au. From an electrode 



502,507, this field sensor senses as an output the electrical potential 
difference generated between electrodes 505, 505, when a magnetic signal 
enters a current in the direction of thickness in a sink and the 508 
directions. 

[0027] It is constituted by the sensor structure shown in drawing 4 
using the thing almost same also as an ingredient, using an above- 
mentioned, form as a component configuration. In this case, it is the 
structure which senses as an output the electrical potential difference 
generated between an electrode 502 and an electrode 507 when a magnetic 
signal enters a current in a sink and the 508 directions in a film 
surface from an electrode 505, 505. 

[0028] The relation with the output voltage to the component structure 
and the incidence current of a gestalt of this operation For example, if 
the configuration on the base of a component is 

2. OmicrometerxO. 5micrometer, and Current I is passed in the direction of 
thickness with the structure of drawing 3 when Thickness dy is 0. 2 
micrometers The area of output voltage deltaVh (V) of the part into 
which the current of a component flows is as follows when RS uses the 
ingredient of 10-10 Vcm/AG (bolt cm / ampere gauss) as an ingredient of 
S= (2. OmicrometerxO. 5micrometer) and the sensor film. 
[0029] deltaVh=RS-dy-I-M (H) A current required in order to obtain this 
is I=delta Vh-S/RS-dy-M (H) at the time of /S, i.e., a certain output 
deltaVh. 

However, if a field is assumed to be value 10000G of flux density [ of 
the location which surfaced about lOnm from the medium Records 
Department ] M (H), it will serve as I=delta Vh-S and 10-4-/RS-dy. 
deltaVh is set to 2mV or less, when it assumes that only 1mA of current 
values cannot be passed at the maximum and 1 micrometer of component 
area is 2. This value is a measurable value. Therefore, if Rs is 10-10 
Vcm/AG, it will become a value measurable as an output. Since the 
component is able to make a figure single [ about ] small with the 
present technique using EB RIS0GURAFU etc., if Rs is 10 to 11 or more 
Vcm/AG, it is an appropriate value when obtaining a component output. 
[0030] Furthermore, the approach of enlarging this output voltage 
deltaVh is enlarging application of (3) high magnetization ingredient 
which makes (1) current value high or makes (2) component sizes (S) 
small, and ingredient retrieval of high RS or the (4) (5) thickness dy, 
and can produce the component of a value large double or more figures. 
The output in these components becomes the value about calculated by the 
formula shown above using each Rs and Ms, when component structure is 
the same, and an ingredient is changed. 



[0031] On the other hand, when an output terminal is taken in the 
direction of thickness in a field, the area of the part into which the 
current of a component flows is set to 0. 5micrometerx0. 2micrometer, and 
the thickness dy of output voltage deltaVh (V) is as follows in the 
component structure shown in drawing 4 , i.e., a current, when 0. 2 
micrometers and RS are 10-10 Vcm/AG. 

deltaVh=RS, 2.0 (micrometer), and I-M(H)/S=5xlO-4 and I [0032] Although 
deltaVh will become small if a simple comparison is carried out with the 
case of the component structure of drawing 3 , it is also possible to 
calculate the thickness of a component as 50nm, in this case, deltaVh is 
8x1 (V) and a current required in order to obtain the output of IV is 
125mA. Furthermore, in 10-9 Vcm/AG, single figure RS becomes small with 
12. 5mA, and serves as a value appropriate as an output value over a 
current. Therefore, deltaVh has the time when RS is sufficiently large, 
or more thin sensor thickness, and since the effectiveness of taking a 
large value arises when width of face is narrow, the output to a unit 
current may improve by these approaches. Therefore, the configuration of 
the sensor film has an advantageous configuration to which current pass 
becomes as long as possible as making it as thin as possible and a 
configuration from a film top face. If RS is 10 to 10 or more Vcm/AG in 
size which was mentioned above, specifically, it will be thought that it 
becomes conditions required as a sensor. 

[0033] A field required for the rotation of magnetization within a field 
can be adjusted [ a membranous crystal magnetic anisotropy and ] in a 
configuration. By the soft magnetism film, the effectiveness by the 
configuration can have a spheroid model, it can be in it, and it can 
estimate it in approximation. It is possible to build a stabilized point 
with making it especially a configuration long to the difficult shaft 
orientations of a crystal magnetic anisotropy to difficult shaft 
orientations. As a configuration, if 1:2 or more a long side / shorter 
side ratios are taken, these will change notably. With a component with 
1:3 or more a long side / shorter side ratios, it can be said from the 
above-mentioned anisotropy and output count that the film with easy 
output and adjustment of magnetization is produced. 

[0034] As an ingredient which constitutes the sensor film, for example 
(1) Fel6N2, (2) MnAs-GaMnAs, (3) CdMnTe, (4) InMnAs, (5) Zn0+ (any one 
or more of Mn, V, Cr, Fe, Co, nickel, and the Ti), (6) Strong 
correlation electronic system ingredients, such as ZnCoO, (7) CrAs, (8) 
LCM0, and LSM0, or the ant i ferromagnetic substance film containing Mn, 
and the film that consists of the magnetic substance with granular 
structure can be used. 



[0035] The film of (l) is produced as follows. It is produced by vapor- 
depositing Fe at the rate of 0. 01-0. 02A per second in the nitrogen gas 
which contains ammonia 20% in ultra-high-vacuum vacuum evaporationo 
equipment (MBE) on the InO. 2GaO. 8As (001) single crystal substrate which 
carried out the temperature up to 200 degrees C. The substrate was 
immersed in the liquid which consists of H2 0:H202:H2S0 4= 1:1:3 about 
10 seconds, and was heated at 640 degrees C whenever [ substrate 
electrode-holder flesh-side surface temperature ] in the vacuum after 
rinsing, and it checked that a front face was clarification Men by RHEED. 
The saturation magnetization in a room temperature was [ 3. 0 teslas and 
the electric resistance of this ingredient ] 32microomegacm. Furthermore, 
when the hall effect was measured by the method of foundation APAU, RA 
increased according to the temperature rise and became the abnormality 
Hall constant of abbreviation 2x10-11 Vcm/AG at the room temperature. 
This is 3 to 4 times the pure Fe. The compound to which the 
ferromagnetic metal of 3d metal system, nitrogen, carbon, and oxygen 
were made to react can be formed using the same reactant vacuum 
deposition. For example, the Fe-N martensite (N:5-ll atomic %) which 
consists of iron and nitrogen also serves as abbreviation 1.0x10-11 
Vcm/AG. 

[0036] the film of (2) to (3) — MBE — it is formed on a GaAs (001) 
side in an ultra-high vacuum using law. When it grows up directly on a 
substrate, an easy axis is in a film surface, but the compound film 

(about 200nm of the maximum thickness) which doped Mn about 5% to GaAs 
about (2) can be used as the film which has an easy shaft 
perpendicularly if the buffer layer containing InGaAs etc. is inserted. 
This film serves as a value in figures about double [ 1 to ] with 
abnormality Hall resistance smaller 6x10-6 Vcm/AG (40K) and 150K than 
this only at 100K or less low temperature in the present condition. 
Moreover, CdMnTe to which (3) doped about 2% of Mn to CdTe shows the 
property of a magnetic semiconductor at low temperature. 
[0037] The film from (4) to (7) can be produced by the ion beam method 
or the MBE method. However, in order to form the zinc blende type 
structure which is the characteristic crystal structure of these systems, 
the membrane formation which used the MBE method is good. InMnAs of (4) 
is what doped Mn to InAs, and is produced on a GaAs substrate and an 
InAs substrate in a vacuum by the sputtering method with a substrate 
temperature of 500 degrees C - 700 degrees C and the ion beam method. 
Although p mold and n mold are taken with the impurity of a semi- 
conductor, the thing of p mold serves as ferromagnetism at low 
temperature, and has an abnormality hall effect. RS is the range of 10- 



10 Vcm/AG. (5) dopes transition metals to ZnO called semi-conductor of a 
wide gap mold. By theoretical count by the first principle, when Mn is 
doped, antiferromagnetism and ferromagnetism are shown, and if V, Cr, Fe, 
Co, and nickel are doped, becoming a paramagnetism is reported by it. 
What dopes Mn to GaN is supposed that ferromagnetism may be shown. As an 
example remarkable [ among these ], also at a room temperature, (6) 
ZnCoO shows ferromagnetism and has an abnormality Hall constant. CrAs of 
(7) grows epitaxially on GaAs (100) and is a ferromagnetic at a room 
temperature. In addition, about that in which MnSb also formed granular 
structure with a diameter of about lOOnm in the state of the thin film, 
it is checked at the room temperature that ferromagnetism is shown, and 
the thing of the range of this invention is obtained also for an 
abnormality Hall constant. (8) can take ferromagnetism, 
antiferromagnetism, and superconduction with a presentation and 
temperature. Near the presentation which discovers especially the 
ant i ferromagnetic substance and a ferromagnetic, fluctuation of spin is 
large and the field (for example, LaO. 7calcium0. 3Mn03, LaO. 7SrO. 3Mn03) 
where an abnormality hall effect becomes large exists. Furthermore, a 
property with the same said of what made the thin film of GaAs and 
MnGaAs the multilayer, for example for the film of (3) is shown. 
[0038] Since Hall constant RS of an abnormality hall effect has the cube 
dependency [ magnetization ] of fluctuation according to the Kondo 
theory, if especially the fluctuation of spin will be in the condition 
of becoming large, the abnormality Hall constant itself will become 
large. The electronic Coulomb interaction is large specifically, or, in 
[ almost all ] the above-mentioned case, is in the (strong correlation 
electronic state) and the condition that the interaction between spin 
can be weakening compulsorily, and it is thought that the abnormality 
Hall constant is enlarged. It is expected that the scaling law about an 
electron number stops realizing, and fluctuation of spin becomes large 
about this ingredient when it is made detailed, thin-f ilm-izing and. In 
order to actually enlarge spin fluctuation similarly, it is checking 
that the abnormality hall effect when making it an elevated temperature 
becomes large as shown in drawing 7 . As shown in drawing 7 , an 
abnormality Hall constant will go up in RT (room temperature) in many 
cases, if temperature becomes high. Especially (l), (5), (6), and (7) 
show this pattern among the above-mentioned ingredients. Since the other 
ingredient has the peak of drawing 7 in temperature lower than a room 
temperature, it becomes what has a large anomalous Hall coefficient 
value in low temperature. 

[0039] The output terminal of the component of two or more isomorphism 



with [gestalt 2 of operation] drawing 3 or the structure of drawing 4 
and the same size was allotted to the serial, and the component the 
polarity of at least one current installation terminal was made to flow 
to others and hard flow was produced. 

[0040] this structure which drawing 8 shows this example and has the 
structure of drawing 3 , the same size, and the field sensor of 
isomorphism — two pieces — arranging — the output terminal (301) 
within a field — a serial — arranging — a current terminal (302) — 
each of thickness — it is the principle Fig. of the sensor arranged so 
that a current 802 may pass by the reverse sense in a serial. The 
ingredient of the sensor film is the same as that of what was described 
in the gestalt 1 of operation. Moreover, since it can form easily when 
it will only connect with the reverse sense and the end of a current 
terminal will form on the same substrate, if it sees as structure of a 
component, explanation of a production process with a detailed component 
is omitted. 

[0041] The field sensor with this structure is considered that a 
function changes with those situations installed. If it puts on the 
location which has the field which wants to measure one component by the 
case where the field which carries out the turbulence of the field to 
measure for example exists in the external world and the field which 
wants to measure the component of another side puts on the location 
where the field which carries out turbulence exists, it will become the 
field sensor which can detect only the field which wants to offset and 
measure the abnormality Hall-voltage output component by the field which 
carries out turbulence. That is, the component put on the location with 
a field to measure detects the field 803 which the turbulence field 
superimposed on the field to measure. On the other hand, the component 
put on the location where the field which carries out the turbulence of 
the field to measure exists detects the turbulence field 804. 
Consequently, the output voltage 801 of a field sensor will direct the 
reinforcement of the field which deducted the turbulence field 804 from 
the field 803 to measure. 

[0042] When an example of the usage of this field sensor is explained, 
it is the usage which arranges one sensor film in the sensor section of 
the magnetic head, and arranges another sensor in the location distant 
from the sensor part. This field sensor is effective to deduct the 
effect of the place outside average depended on record parts other than 
earth magnetism or a magnetic-recording part to reproduce, and measure a 
field. 

[0043] Other examples of structure of the field sensor which used two 



sensor film, isomorphism and the same size, for drawing 9 are shown. The 
field sensor shown in drawing 9 has the structure which pinched further 
the sensor film 903,903 of two sheets which carried out the laminating 
on both sides of the electrode layer in between by the electrode layer 
904,904 of a pair. A current 901 is impressed in the direction of a film 
surface of the sensor film 903,903 containing the ferromagnetic which 
generates an abnormality hall effect of two sheets, and the abnormality 
Hall voltage 902 generated in the direction of thickness by the 
interaction with an external magnetic field is detected in serial. 
[0044] If the sensor film 903,903 of two sheets is arranged by width of 
face smaller than the recording track width of face of a magnetic disk 
and this field sensor is used as the reproducing head of a magnetic disk, 
an output signal can be acquired in differential. 
[0045] The case where a current is passed is described in the same 
direction as the sensor film 903,903 below. When this field sensor is 
applied to the reproducing head of a magnetic disk, when the thickness 
of a component is smaller than the width of face of a record part, The 
output (Hall voltage) at the time of reproducing the vertical-magnetic- 
recording medium 905 which has the record magnetization 907 at right 
angles to a medium side shows a location dependency as shown in output 
wave 908a. When the Men inner magnet mind record medium 906 which has 
record magnetization in a medium side is reproduced, a location 
dependency as shown in output wave 908b is shown. If the direction of a 
current 901 is taken conversely, the output to the vertical-magnetic- 
recording medium 905 will serve as a location dependency shown in wave 
908b, and the output to the field inner magnet mind record medium 906 
will serve as a location dependency shown in wave 908a. Thus, the field 
sensor of this operation gestalt can be used as the reproducing head 
also to a vertical recording medium also to the record medium within a 
field. 

[0046] The example at the time of applying the field sensor of [gestalt 
3 of operation] this invention to the magnetic head is explained. The 
film containing the magnetic substance which generates the abnormality 
hall effect used for a field sensor has the structure which had membrane 
structure as shown in drawing 6 , for example, was shown with the 
gestalt 1 of operation. For head application and a practical output, 
thickness was taken as lOOnm suitable thickness from lnm of thickness. 
In the case of this example, the film of 15nm of thickness was used. 
[0047] The magnetic-head structure using these field sensors Even if the 
structure where the sensor called an in gap type was inserted between 
shielding is the head structure of the configuration exposed to the 



medium opposed face Also with the head structure which has arranged the 
sensor in the inner part of York which the sensor called the York 
structure is not exposed, for example, consists of a soft magnetic 
material of C character type configuration of the alphabet (1) It is 
divided roughly into what used the electrode also [ shielding ], and the 
thing which separated (2) electrodes and shielding, and structure with 
(A) magnetic-domain control and structure without (B) magnetic-domain 
control can be further considered about each. 

[0048] The mimetic diagram of the medium opposed face of the component 
of an in gap configuration which both [ shielding / drawing 10 ] used 
the above-mentioned (l) electrode is shown. After applying and forming a 
lift-off ingredient in the location (for example, on the electrode layer 
[ lower shielding-cum-] side 1001) which serves as a magnetic force 
sensor after film formation, these sensor film (film containing the 
ferromagnetic which carries out abnormality hall effect generating) 1005 
is etched by approaches, such as the ion milling method. Film formation 
of the 1006/insulator layer 1007 of 1002/electrode layers of insulator 
layers is carried out after etching, and a lift-off mask is removed. 
[0049] In addition, if the magnetic-domain control film 1003 which 
becomes by CoCrPt, CoCrPtZr02, etc. is attached to between an insulator 
layer 1002 and an electrode layer 1006, the bottom of an insulator layer 
1004, or a top, since the noise by the magnetic-domain behavior of the 
sensor film can be prevented more, the field accuracy of measurement can 
be raised. When the magnetic-domain control film 1003 was formed on 
suitable substrates, such as Cr and Ta, here, there was a case of being 
effective, about the property of the magnetic-domain control film. Then, 
the pattern of the component height direction of the magnetic-domain 
control film and the sensor section is formed, a surrounding part is 
removed by ion milling, lOOnm of mixed film of aluminum203 and Si02 is 
formed as a protection insulator layer 1007 on this, and the up 
shielding film-cum-the electrode layer 1008 is formed. 
[0050] The mimetic diagram of the medium opposed face of the component 
of an in gap configuration which divided the electrode and shielding of 
the above (2) into drawing 11 is shown. A perimeter is dug deep by the 
lift-off pattern after forming the lower shielding 1101 in this case. 
Form the magnetic-domain control film 1103 there, turned flattening up 
by CMP, form the gap insulator layer 1104, form an electrode layer 1105 
and the sensor film 1106, and a component configuration is processed. 
Form an insulator layer 1107 in a perimeter and a lift-off pattern is 
formed in a component part. Besides the electrode layer 1108 from width 
and an insulator layer 1109 are formed, and after exfoliating a lift-off 



pattern, it is producible with the procedure of up electrode 1111 and 
insulator layer 1109 (up gap film 1110) up shielding 1112 formation. 
1102 is an insulator layer. 

[0051] Drawing 12 is the pictorial drawing which expressed the magnetic- 
domain control film as the typical York structure typically. The arrow 
head of 1208 shows each direction of a component, in 1209, the truck 
cross direction and 1210 show the direction of thickness, and 1211 shows 
the component height direction. 

[0052] The structure of illustration has taken the structure which the 
magnetic sensor film 1205 does not expose to the field which countered 
the medium. Here, the structure where the York film which becomes the 
gap inserted into the lower magnetic shielding 1203 which consists of 
nickel81Fel9 shown in drawing, and the up magnetic shielding 1207 from 
the same soft magnetic materials was inserted was produced. The York 
film is the ring-C configuration which up York 1206 and lower York 1202 
joined in drawing 12 . In addition, there are a format which extracted 
lower York at the tip, a format used as the thick film, and structure 
where York is discontinuity under the field sensor. 1201 is shown as 
magnetic-domain control film among drawing. At least, magnetic-domain 
control is carried out by this, and lower York 1202 and the magnetic 
sensor film 1205 do not have surrounding splitting by it. The good 
magnetic-domain control in which either the format which carries out 
magnetic-domain control of the vertical York film and the magnetic 
sensor film at coincidence or structure which carries out magnetic- 
domain control of each does not have splitting as structure of this 
magnetic-domain control film 1201 is possible. 

[0053] Although the location of the magnetic-domain control film of the 
York structure was shown in drawing 12 simple, it is produced in fact by 
drawing 10 or structure like drawing 11 . Moreover, since the amount of 
the magnetic flux sensed by the magnetic sensor film is increased as 
shown in drawing 13 or drawing 14 , it is possible to form the magnetic- 
domain control film by using the ingredient of the magnetic-domain 
control film as the high resistance film also with the structure which 
made discontinuity the part which touches the sensor film of York. Since 
the permeability of the sensor film becomes about 1000 times compared 
with the case where a semi-conductor is used as sensor film, these field 
sensors can utilize the field from a medium efficiently. 
[0054] With this structure, if the vertical magnetic recording of the 
field to sense is carried out, it can make the structure which senses 
the magnetic leakage flux of a record edge from being the component 
impressed to the field inboard of the sensor film at the leakage field 



of record, and the thing recorded in the field. 

[0055] With the gestalt of this operation, degradation of reproducing 
characteristics according [ playback shielding spacing (distance between 
gaps) ] to the flow of the magnetic-reluctance change film and the 
magnetic-domain control film in at least 80nm or less was not accepted 
using the magnetic sensor film of the above-mentioned publication. 
[0056] [Gestalt 4 of operation] drawing 15 is the mimetic diagram 
showing an example of the magnetic disk unit using the magnetic head by 
this invention. The magnetic disk 1501 as a magnetic-recording medium 
formed in the shape of [ for this magnetic disk unit to record data on 
the record section called a concentric circular truck ] a disk, The 
magnetic head 1506 by this invention for consisting of a magnetic 
transducer and carrying out reading of the above-mentioned data and 
writing, It has the control means 1505 which controls migration of the 
actuator means 1511 which supports the magnetic head 1506 and is moved 
to the predetermined location on a magnetic disk 1501, and a 
transmission and reception of the data which the magnetic head reads and 
are written in and an actuator means etc. The pivotable magnetic disk 
1501 of at least one sheet is supported with a revolving shaft 1502, and 
is rotated by the motor 1503 for a drive. At least, the slider 1509 of a 
piece is installed on a magnetic disk 1501, and the slider 1509 is 
supporting the field sensor 1510 by this invention. 

[0057] When a slider 1509 moves in a disk front face, it is accessed in 
the predetermined location where the target data are recorded, at the 
same time a magnetic disk 1501 rotates. A slider 1509 is attached by the 
gimbal 1507 for an arm 1508. A gimbal 1507 has slight resiliency and 
sticks a slider 1509 to a magnetic disk 1501. An arm 1508 is attached in 
an actuator 1511. 

[0058] A voice coil motor (henceforth VCM) is used as an actuator 1511. 
VCM consists of a movable coil placed into the fixed field, and the 
migration direction, passing speed, etc. of a coil are controlled by the 
electrical signal given through Rhine 1504 from a control means 1505. 
Therefore, the actuator means by this example is constituted including a 
slider 1509, a gimbal 1507, an arm 1508, an actuator 1511, and Rhine 
1504. 

[0059] By working [ of a magnetic disk ], and rotation of a magnetic 
disk 1501, between a slider 1509 and a disk front face, the air bearing 
by airstream arises and it surfaces a slider 1509 from the front face of 
a magnetic disk 1501. Therefore, working [ of a magnetic disk unit ] and 
this air bearing maintain the slight elastic force and the balance of a 
gimbal 1507, and a slider 1509 is maintained so that a magnetic disk 



1501 and fixed spacing may be maintained and it may rise to surface, 
without touching a magnetic-disk front face. 

[0060] Usually, a control means 1505 consists of a logical circuit, 
memory, a microprocessor, etc. And transmitting and receiving [ and ] a 
control signal, a control means 1505 controls the various configuration 
means of a magnetic disk unit through each Rhine. For example, a motor 
1503 is controlled by the motorised signal transmitted through Rhine 
1504. An actuator 1511 is controlled to move and position the slider 
1509 chosen to the data track made into the purpose on the related 
magnetic disk 1501 the optimal with a head position control signal, a 
seeking control signal, etc. through Rhine 1504. 

[0061] And data playback / decode system 1512 receives and decodes the 
electrical signal from which the magnetic head 1506 read and changed the 
data of a magnetic disk 1501 through Rhine 1504. Moreover, the 
electrical signal for writing in a magnetic disk 1501 as data is 
transmitted to the magnetic head 1506 through Rhine 1504. That is, data 
playback / decode system 1512 is controlling transmission and reception 
of the information which the magnetic head 1506 reads or writes in. 
Moreover, there are for example, an access-control signal, a clock 
signal, etc. as a control signal. Furthermore, a magnetic disk unit may 
have two or more magnetic disks, actuators, etc. , and an actuator may 
have two or more magnetic heads. By having such two or more devices, it 
is possible to form the so-called disk array equipment. 
[0062] [Gestalt 5 of operation] drawing 16 is the mimetic diagram 
showing an example of the magnetic storage component of MRAM structure 
which used the field sensor of this invention. The field sensor 1606 by 
which the illustrated MRAM structure records information, the line 1609 
which connects with a field sensor and passes a current for a component, 
and the sensor film — connecting — this — the current from 1609 — 
receiving — abbreviation — it having a terminal in the parallel 
direction and with the bit line 1607 which tells an output voltage 
signal The word line 1605 which is in a bit line 1607 and the location 
distant from the sensor film 1606 of the location which countered on 
both sides of the sensor film 1606, and intersects perpendicularly with 
a bit line, and performs record actuation on the sensor film, It reads 
with the multiplier systems 1601, 1602, 1603, 1604, and 1610 which 
amplify a record signal, and the eel equipped with the read-out word 
line 1611 which switches writing has the structure arranged in parallel. 
[ two or more ] This magnetic storage component applies the field sensor 
containing the magnetic substance with an abnormality hall effect as 
shown in the gestalt 1 of implementation of invention as film which 



constitutes the field sensor 1606. 

[0063] First, in order to show the principle of operation of MRAM, an 
example at the time of using MR film for the sensor film is shown in 
drawing 17 . As a drive wire required since the magnetization vector of 
the field sensor film is driven, wiring which consists of copper wire 
and which intersected perpendicularly mutually is prepared. This is 
called a word line 1705 and a bit line 1707, respectively. Generally, 
the line which intersects perpendicularly with a word line and a word 
line the line arranged at the easy axis of the field sensor film 1706 
and parallel is defined as a bit line. At this time, the magnetization 
vector in the film takes the condition that the resistance of (1) and 
(0) differs in parallel with an easy axis. It has the structure where of 
the one direction and the direction of thickness of [ in the (A) film 
surface ] become an easy axis, the structure where of the relation 
between a current and the direction of a field in parallel and a 
rectangular cross becomes, or (B) sensor film consists of a magnetic 
film of two sheets like SV film of GMR, and the condition that these 
resistance differs is realized with the structure where of both 
magnetization direction can take an parallel condition and a rectangular 
condition at the usual MRAM. A field occurs around because a current 
flows, and a word line and a bit line generate the field which acts on 
the sensor film inserted into the word line and the bit line. When 
passing pulse current to a word line, information is taken out as a 
signal by making the time of the standup into timing. Moreover, it 
writes in by passing a bit line ignited by the time of falling of a 
pulse. The current of a word line is a current on which the operation 
field in the sensor film exceeds the anisotropy field of a thin film, 
and the current of a bit line is a current required in order to generate 
the field of extent exceeding one half of the coercive force of the 
magnetic sensor film. 

[0064] Here, a field is impressed to all the sensor film that is under a 
sink and its line about a current required for a word line. At this time, 
the field of the sensor film will turn to the direction of a hard axis 
within a field. A polar pulse voltage different, respectively is guided 
to each bit line by whether at this time, the condition of magnetization 
rotated from the parallel (1) condition, or it rotated from the 
rectangular (0) condition. This serves as a read-out electrical 
potential difference. Moreover, it is in the condition in which falling 
and timing of pulse current of a word line were united, and a sink and 
magnetization turned [ bit line ] pulse current to the difficult shaft, 
and the sense of magnetization is determined by the field from a bit 



line at the time of record, and it records the condition of (l) and (0). 
[0065] As return and a semi-conductor substrate 1601 for CMOS, a GaAs 
substrate is used for drawing 16 , the impurity which serves as p mold 
and n mold at a this top is doped, an electrode (gate film) 1610 is 
formed in the part further pinched to both the dope field, and a 
transistor (M0S transistor) is formed in it here. The drain side which 
forms this transistor was set to 1602, and the source side was set to 
1603. Actuation of the pulse current which flows to a word line or a bit 
line is determined by switching of this transistor. 
[0066] Since the abnormality hall device film by this invention is 
applied to this sensor film, an electrode is arranged so that a current 
may flow in a film surface, and it is in the location which 90 degrees 
of easy axes of the sensor film left in the field and magnetization can 
take the condition of parallel and a rectangular cross to a current here, 
MRAM-behavior is shown. However, since a magnetic anisotropy with a 
difficult shaft is adjusted, it may be required to make [ lengthen / in 
different direction ] a component configuration into difficult shaft 
orientations. 

[0067] If it does so, since a current will flow to a film surface 
perpendicular direction or will flow to the one direction of a film 
surface, it can be used as same field sensor. Moreover, one side of the 
magnitude of a field sensor component is 0.2-0.25 micrometers. With the 
structure which used TMR by IBM for the sensor film, if the abnormality 
hall effect film is applied to this structure, a rate etc. is comparable, 
and although read-out time amount is created for 5mW (read-out) of power 
consumption, 40mW (writing), and write-in time amount and the sensor of 
49F2 is created for eel area in about 10ns for 10ns, since the 
resistance of the sensor film can be reduced further, power consumption 
may be pressed down low. In order to change the resistance over a field 
and for S/N to fall if a magnetic domain occurs when rotating the 
magnetization direction of this sensor film, it becomes impossible to 
read storage. In order to perform this with a sufficient controllability, 
the magnetic-domain control film is needed. It is possible to carry out 
magnetic-domain control of this magnetic-domain control film without the 
splitting loss to the magnetic-domain control film by being located in 
the both ends of the field sensor of 1606. 
[0068] 

[Effect of the Invention] According to this invention, an abnormality 
hall effect can be used as a field sensor, the magnetic head, the sensor 
section of a storage element, and a magnetic recorder and reproducing 
device, and a high output can be expected even when component size is 



small. It is effective, when a component becomes small as for the 
abnormality hall effect itself, and there is an inclination which 
carries out output increase and it corresponds to high density record. 
Moreover, the field sensor of this invention is not based on the 
recording method of a medium, but can be utilized as a head. 
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[Brief Description of the Drawings] 

[Drawing 1] Drawing in which having combined the general field 
dependency of the Hall voltage of a semi-conductor with the case of an 
abnormality hall effect, and having shown it. 
[Drawing 2] The current of the thin film field sensor using the 
conventional hall effect, a field, structural drawing showing the 
relation of an output. 

[Drawing 3] The current of the thin film field sensor using the 
abnormality hall effect by this invention, a field, structural drawing 
showing an example of the relation of an output. 

[Drawing 41 Structural drawing showing the current of the thin film 
field sensor using the abnormality hall effect by this invention, a 
field, and other examples of the relation of an output. 
[Drawing 5] The ****** type which looked at an example of the field 
sensor by this invention from the medium opposed face side. 
[Drawing 6] Drawing which saw an example of the field sensor by this 
invention from the film surface upper part. 

[Drawing 7] Drawing showing the temperature dependence of an abnormality 
hall effect. 

[Drawing 8l The current of other examples of the thin film field sensor 
using the abnormality hall effect by this invention, a field, structural 
drawing showing the relation of an output. 

[Drawing 9] Structural drawing of other examples of the reproducing head 
by this invention, and drawing having shown the location dependency of 
the magnetic-recording condition of a medium, and Vh. 
[Drawing 10] Structural drawing by the side of the medium opposed face 
which shows the example of structure of the magnetic head using the 
abnormality hall effect of the in gap mold by this invention (when an 
electrode and shielding are combination). 

[Drawing 11] Structural drawing by the side of the medium opposed face 



which shows the example of structure of the magnetic head using the 
abnormality hall effect of the in gap mold by this invention (when an 
electrode and shielding are another). 

[Drawing 12] Drawing showing the example of the York structure. 
[Drawing 13] Drawing showing an example of the physical relationship of 
York and a field sensor. 

[Drawing 14] Drawing showing other examples of the physical relationship 
of York and a field sensor. 

[Drawing 15] The structure of a magnetic recorder and reproducing device, 
and a mimetic diagram of operation. 

[Drawing 16] The mimetic diagram of the structure of MRAM using the 
magnetic sensor by this invention. 

[Drawing 17] The mimetic diagram of MRAM which used MR film for the 
sensor film. 

[Description of Notations] 

The abnormality hall effect in normal hall effect and 102:, 201 : 101: 
The current impression direction, 202: The magnetic field impression 
direction, the 203:Hall voltage, the 204: semi-conductor fil m> 301 : The 
abnormality Hall voltage, 302: The current impression direction, the 
303:magnetic field impression direction, a 304 electrode, 305 : The 
sensor film, 306 : An electrode, the 401 Current impression direction, 
the abnormality Hall voltage in 402:, the 403: magnetic field impression 
direction, 404 : An electrode, the 405: sensor film, a 406 electrode, a 
501: base, 502 : An electrode, the 503: sensor film, a 504: insulator, a 
505: electrode, 506 : An insulator, a 507 :up electrode, the 508: field 
impression direction, the abnormality Hall voltage in 801:, 802: The 
current impression direction, the 803: field impression direction, 804 : 
The field impression direction, 901: The current impression direction, 
the abnormality Hall voltage in 902:, 903 : The sensor film (film 
containing the ferromagnetic which carries out abnormality hall effect 
generating), 904 : An electrode, a 905:magnetic-recording medium 
(vertical recording), a 906: magnetic-recording medium (record within a 
field), 907 : The direction of magnetization, 908a, the 908b:Hall 
voltage (output), 1001: lower shielding-cum-an electrode layer, 1002 : An 
insulator layer, the 1003: magnetic-domain control film, a 1004: insulator 
layer, the 1005: sensor film, 1006 : An electrode layer, a 1007: insulator 
layer, 1008: up shielding-cum-an electrode layer, 1101: Lower shielding, 
a 1102: insulator layer, 1103 : The magnetic-domain control film, 1104 : 
An insulator layer (gap film), a 1105: lower electrode layer, the 
1106:sensor film (film containing the ferromagnetic which carries out 
abnormality hall effect generating), 1107 : An insulator, a 



1108: electrode layer, a 1109 : insulator layer, a 1110: insulator l aye r (up 
gap film), 1111 : An electrode layer, the 1112:up shielding film, the 
1201:magnetic-domain control film, 1202: Lower MAG York, 1203:lower 
magnetic shielding, 1205 : The magnetic-reluctance sensor film, 1206: Up 
MAG York, 1207: up magnetic shielding, 1501 : A magnetic disk, 1502 : A 
revolving shaft, a 1503:motor, 1504:Rhine, a 1505:control means, 1506 : 
The magnetic head, a 1507:gimbal, a 1508:arm, a 1509:slider, 1510: A 
field sensor, a 1511 : actuator, 1512 : A control means, 1601: The semi- 
conductor substrate for CMOS, 1602 : The drain film, 1603 source film, 
1604: The gate film, a 1605:word line, the 1606:field sensor 
(abnormality hall effect) film, a 1607:bit line, a 1608:'current carrying 
part, a 1609: current impression line, the electrode for 1610: gate- 
control electrical-potential-difference impression, 1611: Read-out word 
line 
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«7Ji: LT38£*ft*»ISi-fe>-9— *«j«-r*tiO?» 

* 0 c©«fc5a«?*«ja-r**mtt, «#-*jE#tt 

©K^^/£l^®HT«^TS* G a A s , In 
As, I n S b ft £®#»tt¥»tttf«fc* *u fc<m 
Mfc^ftTC*, 
[0 0 2 3] Etlfc»U «»BK«t*«tlM»>-9-- 

14f*£^fcH) 3 0 5^2te(Dti3 0 4, 3 0 6T& 
A/3f£«Ji*# Ls MiS^lR] 3 0 2 {C«St«X Lfctttt? 
i5rt*lRl3 0 3[c»|?*BlJiOLfctmc, MSP«g*|pl3 

0 1 fc«^-r*ta*«E4«a-r*t.oT***o 



©fi»i&i£-t* 0 

[0024] sfc, H4» % *%mz&zMR*yy— 

Oi>oTi-£'0<DffiMm%:mTmZ*&% 0 E©0fl©»|iHr 
ft*^feM) 4 0 5£2tt©«S4 0 4. 4 0 67SA, 

Knsstsft M«DSrt^(Pi4 0 1 te»at*atLft 

fr6, Cft£iE5fcT*iErt#ia4 0 3(EAofc«lilfc:a* 

lt4 0 2©nijssiaKas-r*«E*flBai-r*ti©? 

£*» -fe>-9— Mt LTfcfc, &tttttt«*l/>l*£!£lBtt 
*^CJBtttil*^fell*ffl^*o 0 3 [Znk Ltdm-b y 
B4lc^Lfc»!Hr>-9--tK lilSrEgPtffre 
»#3BMBA-r*JBtt-pa5* 0 
[0 0 2 5] H5fc. H3(cTKWLfcSW-b>-9--o 

^®ic^[Rir*®fj©«?*ii#ij^r 0 He 

!ai-*t, I#5 0 1 ±fc«Ifflt5 0 2*fl*|f A rl 

h**©*/* y * y >^-weau * sic-fe>-*-« 

5 0 3£JTM<r* o Stt£ft*tt8tt, ¥*f*J|U3a 
(G a A s. Si, K-^lft(lnGaAs), I 
nP^) , m&& (MgO, +f7z-f7ft^) % #5 
X, >>'j3>Hfb« % •b55y^»?**. »*5 0 1 

«B8L» C*l*fb¥««W« (CMP) TSaSW 
ffiffcL* C©±»c«HS#^6ft*S/-^ KM*JBj«Lfc 
fcOfcSttiLfc. *6fccft*3FSlb-r*fcd6©*a 

T/i®*¥iifk-r ztimzmtzL t \z^ Twmwm. 
mmmzo. i nmmm.\z\mt^tmmr:^ 
y, cti*fflcfc«gfc*fffiH©jgjR^ja7»a5ofc„ 

^al»t5ti±iE©S®ifiSS*C^ 0 0 

°c^e e 0 oxizmmsmzm&Tzmmmmzmtz. 
t TTt ;t fro ape* mmzmm lt« cfc„ *yy-m 

X/\°y$jy>^;£ N MBE, C V DS*C«46q#;J* 

«*§*-*£ *mtc»f *Bana:«af *» 

S/c> d©<h*©S*gSJtli, W^tCcfeoT^iSfrS^ 

1 oo"c©ttH©aaftafi*ai«8£LTfflcfco ^ 

*{*F e-NWnGaA s ft^li, »*5;gjg2 5 0°C 
T\ CrAs(i200 °C©SJtT^S Lfc 0 
[0 0 2 6] E©-fe>tfHg|£Brj&D*$£ % JBtttEU 
5>X h^X^T7\°^-->^U flS©SP»{c-r*>5 y 

>^f©»as#a*jfiLfe«, uv-'xh*iijiiL/co «y 

*{*£ ©-tr >-y— H±lc y 7 h *?i - >*jfM Ltc 

mz, ^amommmtcimms o 4/««5 o 5 
/«aaso6fr6ft*Bi*patc:iBfi8r*o ^©^ 

fli(Ct±A l203&*lMiS i 02*fflCfc o MlC, d© 
±fcWfflt5 0 7«fc8Lfc„ flESflt5 0 5» % 
Aufr6fty, -fe>-y— M5 0 3©liiS±T«MLTC 
Tt,, -b>^-li©BfiiiaiJ»TJSttLTCTt., **C 



s 4 *©»i©3 i m Lzmt, Mz-im 6 ic^ti* & 

u, Ru, Cr, Ta/Au/Ta, A I 
ZtftT:1*Z> a <l<DMft-t>y-l^ ti5 0 2, 5 0 
7^6MJS^(pHE*3fE^U 5 0 8^(rHc^I^ 
A3 <!: * WI 5 0 5 , 505 <DF3lZ%3iT ZnEZftjl 

[0027] m4ic7rsLtc*>y—mmc^z^ m 

immr^a)^mLTm^n^ 0 c©^ nms 
05, 50 5fre>mwtoizny&z%tu sossfpnc^ 

SHWtfASt^WiS 0 2 <hWl5 0 7(3DF^(C||S-r 
[0 0 2 8] *llffi©^S=©*?^£AI*iI^Kfl-r 
fo±WMft2. Ofjmxo. 5^m?$(J, Ifdy 

#0. 2 A7 mollis i *atJE&r&fcarr^ *? 

©«»#Slto3S#©iii»tfS = (2. 0/LimXO. 5 
Mm) % ■fe>*-K<Ott»tLT«0illfRs««1 O-10V 
cm/AG W)\,\~b>?*-V)\>/Ty<j>15*X) 

<Dtmemvitm£s aawEavh (v) i*:&©j:5 

[0 0 2 9] AVh = R S - dy • I • M (H) /St 

I = AVh • S/Rs- dy-M (H) 
fiU WMk «f*EaW*»6tt1 Onm»±LfcffiH 
OKSttfiM (H) ©ff1 OOOOGilH^-r^i, 

I =AVh • S • 1 0 -4/R S . d y 

tZts *?Sa^1jum2cD^, AVhkfc2mVJ-XT 
fcft*. C®ffitt3H£Rll63a:ffl?**o LfcAbT, R 
s 1 0-lOv c m/AGT'Stllf, t±i^J«t LT«J£rT 

ttoa»i?«-«j/i\a- < r § c <t # rie?** c <t # 

6s R s #1 0-11 v c m/A GJW±?**itf % jR^ffl 

[0 0 3 0] £Sfc N c©ffl*|«EAVh**#<r* 
( 1 ) flftftl&ft < t Zfr ( 2 ) tt-y-sfX 

(s) */j\4-<-rs, (3) KBtfbtmom (4) 

RRsOHfcSSSSSWfc (5) HgEdy**#<r 
[0 0 3 1] CtlfcSU H4»Eg5L3fe*=HtJlu fft 



NVdytfO. 2/imiO % Rs#1 O"10v c m/ 
AG©if£ N S^OSaWattiSUiWDiifflHiO. 5ju 
mxo. 2pm£«>^ tti7JWEAVh (V) fcfcfcoj: 

AVh = R S - 2. 0 (jum) • I -M (H) /S = 5 
X 1 0-4- | 

[ 0 0 3 2 ] m 3 ©*?W®©»££ SMiHSItf-* £ A 
V h fcjt/Jx* < m&oWMk 50nmi LTH-K 

T3££t>WWA C©H££tt % AVhttSXI 

(V) ?\ 1 V©flaj£f§3fcttto&£fc«3IK*1 2 5 
mATfc*. £Sfc % R S tfi 0-9Vcm/AGTi*1 

2. 5mAt-ffi/j\*<ay, «at(cs*-r*ai*fflt l 
Tttsawttaso cfeoT. Avhfi, r s #-h** 

&&&o &?T. -t>+i--m(DBmtT°zz>mvm<t 
*<ft*«fea4jBttfl^3p!i7s« 0 Rftttjctt, ±a?L 

fccfedfttf-TXlCSlvrtt, Rs«1 O~10v cm/AG 
[0 0 3 3] Srt©^fb©|°IiE^g^mi, JjM©i&£ 

i : 2ix±<Dmm/mm&ztzt. znzimwizm 

\tt% 0 ±E©RSttt % Hjatf*#S, 1 : 3J-X±© 

[0034] -tz>9-inr«b«r««m& lt^ mx 

i£. (1) Fe 16 N 2 . (2) MnAs — GaMnA 
s. (3) CdMnTe, (4) InMnAs, (5) 
ZnO+ (Mn. V, Cr, Fe, Co, Ni, Ti© 
VttlfrXJ-t-D&Lt) s (6) ZnCoO, (7) C r 
As. (8) LCMO, LSMO9©S»S0S*79!^ 

[0035] ( 1 ) ©JUi, J.XT© cfc 3 tC#^^ti^ 0 
(MBE) 2 0 0Xicm&Lfc 

lno.2Gao.8As (0 0 1 ) m&ikmm±lZ7>*- 
72 0%%<$&mmiSX*T*Fe*0. 0 1~0. 02 

*y?x bn-L>m®(DmmT°mwtz> z. t -wmzti 

5o mm*. H2O : H2O2: H2S04=1 : 1 : 3*^ 
/l/^-«ESM6 4 OtfCjOJftU RHEEDfCfcyg 

iiitf«»iB?**ct*«BLfco c©fcfiim, set? 

©««UKfbfl« 3 . 0tX7, nmmtf 32,jQcm? 



mm Ltctzz. r a it^m±mz Ltc&^rmm u 

SS7f)2xi O-IIVcm/AG©^*-/^^ 
fcoTc,, CW*. «Fe©3~4ffiW5 0 ffl*ff)5]& 

tiis^toT, 3 d&mm(o®m£mtmm i Pm 

(N:5-117h = 7^%) 0X10-11 
Vcm/AG<h&3 0 

[0 0 3 6] (2) fr5 (3) ©Mi, MBE^l^ 

xmrnm^^G a as (ooD m±izBf$.2n% 0 

(2) ICO^TG aAslCMn£5 %£j£ F-zTLtcit 

tZtMlkB^m^mmteTr&ZfiK InGaAs^ 

Zt&T'ZZo ECfflttt, 3Htt?(4i 0 0K«T<0fisl 
7W>#SB*-;l/ffiffiff 6 x 1 0-6 V c m/AG (4 0 
K) % 150KTl±, Ctl«fey 1-2ffie^/J\*LHii 
(3) (4CdTeJc2%Sfi(0Mn*K- 
7LftCdMnTe ttS^qWtCttttHESTS?*- . 
[0 0 3 7] (4) frS (7) ST©Jitt-r*>e-ix 
>££31M*M B E mTimtZ CitfR«7*«, 

(4) ©I nMnAs&l n A s KM n£ K-7Lfcfc 
©?\ Kffi«f a A s S*g±-£> I n A s SK±(c£K 
35 5 0 0 °C~ 7 0 0 XTCDXJi-y $ U 

s*£ s # , p sctcttffia-pBHKtt <t a y s**- 

;W»S*l#Oo Rst*. 1 0-10vcm/AGOffiHT* 
5 0 (5) tt7-f K*+y^5!03Nlftt^t>ti«Zn 
0fc:a»£S£K--7Lfcfc©?*3. *-lR3(i:J:3 
3fiffW?fcJ:M n £ K-rr*tfi»Bttt^a«aS*7R 
U V, Cr, Fe, Co, N i * K-yf«£S«tt 
iftSCtfl^StttlTl^o GaNKMn*K-^r 

6©3"SraiftftltLT» (6) ZnCoOttSa?*! 
a«tt*/^U (7) ©CrA 

steGaAs (10 0) ±lCIfc?**$/-Wl//&RU S 
£T3&«tt#T?S*o £©fltk MnSbt, (Si 0 0 

fco^Ttom&Twm&mt z. t ffmt&nxts y , 

£«*-;W£Sfc*»E©ttH©t>©jbM&S*lSo 

(8) a&ic^yam 

ft*«W («AtfLao.7Cao.3Mn 
03, Lao.7S ro.3Mn03) tfSfttS. #5tC, 00 
(3) ©KGa AstMnGaAsiCH^ 



[0 0 3 8] SS*-;W»*©*-;bffi»R S tt % 

3ittte«fctitfswb©»6^©3jiitt#it*t,ofcd6, m 

fc*e>©»S¥tf*#<ft*:imc&3££S*-;U 

ja»a#fl 5 *#<fts. ±E©etA,^©«^^ 
©*-p>ffiEftEjWswfc*#<ao7Wcy (» 

tiTi^ttiUcaoTfey, £«*-/wg»£**< l 

T^«t%A6ti«o C®, *m*SMHL fiMBHbLfc 

«?ttfcH-rsx$— y >^»jtf«yfifeft < a 

y. xe>©JB6^**<3S:Si^*tl« 0 ggfi& 
©£**-/W»SttH 7 (c^r <fc 5 (c*# < c <fc * 
RT (room temperature) U:J>l/>T\ mM1$M<l5.%t. 

±»r*«^tf*i\ wtc % ±E*jH®a*, (i) 

(5) (6) (7) titZ0)/t*->%ziTo ZMWO) 
tt**ttH7©£-* £3«fc y t,fi^ajBKS«fc», 

[0 0 3 9] [jHft©J$K2] H3&3(^ttBI4©ttti5 
*J#0 2 0JM±©, HJ& lRltr<X©^?©aj7J*?^ 
S5»JU:E U < <h t»-o©«aWA*S?©«tt*fl!! 

[0 0 4 0] H8ttC0-fl*Sn0?» 03©^ji 

IU B5rt©liJ2j*ff (3 0 1) *«5UteEIIU €3S 
3ft? (3 0 2) ttfflW©*tlfniS»fil#T»B50fc*at8 
0 2fl«ii««fe5»cEBLfc-b>-y--©J8igHT*«o -fe 

>-y— si©tt»ttjij6©jB« nc^^ra^fc t>©t n 
Sfc* *?©S3lt LT^n««-»?©- 

®assf3tig©ui0^(i¥sis-r5o 

[0041] C©«St«J#0»|Sl-b>1t-«: % ^-©^g 
*ti*tt3Etc«fcy«flBfl«a38:*t*jl6*i«o -«9T 

*^j®mtcB6 N n/c«?^, as Lft^ atistteaaatisi 

tf»iLfe«»8 0 3*«Hi-r*o IJ^L/cl^ 

ftflan8 0 4*fctu-r3o *©jg^ ^#-b>-y- ©aj 
7jms8 0 1 1*^8 0 3^saa^8 0 4%mm\ 

[0042] z<DMR*>y-<mm%;o-M*mmT 

ffl&\y K©-b>it— gptc— oc-bvtf-fli^E 



[0043] Ei9^ m& mrnxQium-kyy- 
LtcMR-t yv-te, mimmmzm^mm Ltc 2 & 

(D-byy- §19 0 3, 9 0 3^Z-ylt<Onmm9 0 

4, 9 0 4T«Lfc^ig^^o 

«£T *38«tttt£^fc 2 ftflO-b V9— M 9 0 3, 90 

3©BiiE&fi]fc*aE9 o i ^epmu «.srattffi®fis 

fffflK«fcc»TMJi:*iatJ:5fe£-rsa»*-JbWE9 0 2 

[0 0 4 4] 2ttti>k>U— £19 0 3, 9 0 3511? 
-f X?<DfB§i h ^ y 7««fc y fc/har LMpITEg 
8IMr>-y— £^fl7V7.7cDg£'\y KiLTffll^S 

[0 0 4 5] §19 0 3, 9 0 3^|I| C^lRlttB 

* #E»»J#©e<J: y fc/hSvt** JfttiifcSiltclB 
Mb 9 0 7 SSMtftMBftftft 9 0 5 £S£ Lfc 

•acta* g*-/mie) tta*a»B9 o 8 a izm& 

5ft«Wtt#tt**U WfffifllclBftWktfifcSlEA 
KftlBWift:9 0 6£f?£Lfci§Sfcl*ifj7J&J&9 0 8 
btC^-Tcfea^^imflc^tt^To S^E9 0 1 (Dij®* 

mizwzt. mummEmmm o sicMt^tuMm 
B9 o 8 b (as Lfc»m»sttta u , ®p*g^is^js 

ft 9 0 6{C»r*aj*(*3»g9 0 8a fcjSLfc»Bftt£ 

tttas, z<D&5iz*mimmQmfti>y j y— it a 

[0 0 4 6] [$ffi®flg|g3] *fgP^©llW-tyt>— * 

B£*ffltttti7J©fcdMa Rii nmfrSl 0 0nm<D 
ISftiSiLfc. *H^J0)^ fitffl 5nmOD§l 

[0 0 4 7] EftSO»IMz>tf-;£fl!^fc^^y F 

w&& -r>*+ «> ymytMtnttyy-ft*/- 
iu micmtitcmsifs mmfamzmm Ltcmvt<o 
^y F«JS?*^T«b, a-«iW^t>t- 
#*ai-ef\ ftix-fetF/i^T^y Kocx^ajBttott 
ittftifeftsa-^cftic-bvit-SEiL^y f 

(2) Wii*>-;uKt*»«Lfetote*ffl**u * 

(B) BtBtMLOffi&^iLStlS. 

[0 0 4 8] Ell Ola ±IB<7) (1) «S*->-;|/Kt 



*5*r. ■De/m(i:flHnV&ft34Rf (0fl*.WT»5'- 
/U KICMKB 1 0 0 1 ±) lc y 7 h#7*flBp£ifcfc 

w ioo5*iyf>m. *v*y?mc®mm 

1 0 0 2/««BM 0 0 6/ttftfi£l 0 0 7£KJ&* 

u y7h*7?x^*i»s-rSo 

[0 0 4 9] COISftS, CoCrPt, CoCrPtZ 
r 02a£fc«fcoTft3KEIH»fflt 1 0 0 3«t64iii 1 

002 <tmi§t i o o 6<omt\ mmm i o o 4<dts 

/-rX*K«C£tf T**fcik Bf#Htl£fll£«fttt3 
C CCT'C r^Taaif©a3aTK!Lt(c 

5&E«£ti oo3«)eA-r«&itEmMM)mt(i:H 

y-B<vm*m-£ijfa(Dj<*-yzBmu jsh<z>3!# 
*-r*>s y vMsu c®±K£iti&iMi i o o 

7 £ LTMZttA I 203<i: S i 02<£;S£/I£ 1 0 0 n 
mJBBU ±W5'-/U h'mn 1 0 0 8*B&T 

So 

[0 0 5 0] HI ifc, ±fB (2) OSBt3/-/UF* 

Lft-r y zn^trnz-wmmtfamomm 

ttto znm-Ss ®z.l£TB~y-foFl 1 0 1«^jS 

WI1 10 3£ffMU CMPW.Iifc0/t±lC#> 
yTTWUMl 1 04SJBJU WUI1 1 0 5, 
-HI 1 0 6«B«U *f«ttJcftilLT» MBtclA 
Wl 1 0 7*JB«U I?Mc | J7h<)-7y^-> 
C03A(c«*»6©TOHi1 1 0 8 s ^ 
HI 1 0 y7h*7/f*->»MliUHi 
tC±»«Sl 111, 1 0 9 C±»*+v7W 

1110) ±»->-il/Kl 1 1 2BMtV5ZWVfm 

*%z.t»v ! £Zo 1 1 0 2i*mmm-?&z> o 
[0051] hi 2«, «a«a3-^«jst % mmi 
wm*mi£mmLrciLte®-e&z 0 i2os©^Enfi 

*?©**IrI*^U 1 2 0 9tth5y*<B&A» 12 

1 ottMjswfij, 1211 im?mzi5fa%xk? 0 

[0 0 5 2] BI^(D«|fi» % JKtWE^LfciBKflttHr 
m 1 2 0 5 HHJ L^l^it^i Z. Z. 

t\ m\zmn i 81 F ei9^6ft*TaJ»»->-;U F 1 

2 0 3 <t±a5Jim->-;l/ F 1 2 0 7 KJ*Stlft=P+ y 7* 

^SLfco 3-7Mtt, Ell 2?tt±8P3-^1 2 0 
6 iTSP3 -7 1 2 0 2 Lfc C 'J >^BtttCft o 

fcaoTL^*«fitfa5«. !SE$iJ«|<h LT 1 2 

3-71202 t«»-b>*-H 1205 immim 



■mm ^uus-oy iu/ 



tu ®®o)ftyfiiimi\ z<mmmmi 201 

[0 0 5 3] H 1 2 tctia-^^igcDJlESiJll^CDfeS 
*fWSfca*Lfctf, UPgfcfcfc. Hi oSSl^ttBH 1 <0 
«fe3ft«Sfcff»*ti* 0 Sfc, HI 3&3IS*H1 4 
fciivr<fc-5fc* «fi-b>it-ll«c*>^*n*SBa!ffl* 

m Ltcmskit^z. *>v-M0mm# i o o ora 

HJgfcfc^fc&fc, «ft^SO«»*«i*S<gffl'rs 

[0 0 5 4] **s?(4-b>z-raswsia:-b>t»— mo 

[0 0 5 5] **»a»B»?tt±EE«fl!)«»-fe>*- 
nmttT?^ttjRt»WbK^8tEM«Pil0!)«aicJ:« 
[0 0 5 6] [£n®Sgtt4] HI 5ti> 

i 5 o 1 ts mn^^>x9'j.— 9— #s&y, ±tB7 : ' 

SBBK'Vy F 1 5 0 6 1 % |»M K 1 5 0 6 *3£jl8t 
«7*-fX* 15 0 1 ±®ffij£ffiB'N»»*-l**7'**:L 
i-*-#S1 5 1 1 t v BBS'S y KtfRfclRy, 

^*MWr**J»#Sl 5 0 5 fb 
-ttOElB^riBaJKft^X^ 15 0 1 ttEMitt 1 5 0 

0(i*-a:6tl«o 'J>K<£$>-m(DZ^'(#-'\ 5 09 
tfWlKx-f X* 15 0 1 ±fciS«75fft % *34$- 1 5 
0 9tt*«W(c:«J:*»ISi-fe>-9--l 5 1 0*££LTV 

So 

[0 0 5 7] Itf^X^ 15 0 1 iflEMETSiHIS 

fc, x^-r^-i 5 0 9#7*<rx*am**ibr3z£ 

fccfcoT. g « <fc * S x-* IBS* tlTl^SBBiffiB 
'Sy'^-bXJtlSo Xo-f#-1 5 0 91*. 5>>MVU 
5 0 7fc < fcoT7 7 -k1 5 0 8fc<fcyott5ft3o v>> 
/t/H 5 0 7tttor^a3¥*tt*WU 5 
0 9£M^fX? 15 0 1 fc^**-a:§o T-U \ 5 
0 8ti7 7 ^^iLX— Jr-l 5 1 1 fcttyttttStlS. 



[0 0 5 8] T^^al-*- 1 5 1 1 £ LTtt#-TX 
□ -OUt-*- (J-XTx VCMil^) *«t^«. vc 

m ttas*ftf c «»«ti fc«*i*tife»» Riffift p -r ; u# 5 
fty» a-r/u©»»*iRiaa»»jSfi«H:, sy»#ai 

5 0 5fr57^1 5 0 4*fl"LT52.5ft3«*MS* 
fc<fcoT$'J®l£*l3o LfctfoT* ^PWJfcJ^T 7 * 

>MVH 5 0 7£7'-k1 5 0 8<!:7^f2i-^-1 
5 1 1 £of >1 5 0 4*£3WMteft3t,©-?*fc*o 
[0 0 5 9] «M[7 r 'fX^O»ff>f» Waix-Tv^M 5 
0 ia)0l5fcJ:oTXo-r^-1 5 0 9^7^81 

op^fc^m^fc c fc§x7 7 ^7 1; \x ^ntfX7 

-T5f— 1 5 0 9^mn9 : -fX<7 15 0 1 ©«Bfr5;¥± 
LfctfoT. Bttlx-rx^SaoBff^ *x 
T"tT l J W\ 5 0 7fflfo-fiN8:5!ltt7J£/t 

o>x£<ty, z^-rtf-i 5 0 9ti^x-rx^a® 

fc&ft-ffc, flORaSx-fX* 15 0 1 £-£Hffl£fii 

oT»±-r««fc3fc«a#*ns. 

[0 0 6 0] mm. INP^ftl SOSIiPS^SHk 
^LT, $0M£1 5 0 5tt, &o*>£ftLTSI8WI 

*sas»iu ^oaay-rx^aBoa^osw^s 

*«l»r*o «>JA». *-*-1 5 0 3t*of>1 5 0 
4 £ft U3t£ ft**-* -nf^lC <fc o TWKFtl 
*. 7^fH-^- 15 11 tt5-f> 1 5 0 4*ftL 

*<DWmT&m*. : r>(7>9 15 0 1 ±©ltttr«7 i - 
S-ho-y/^ji^ftfcXo-f^-l 5 0 9^«JIfc 

tt«»46r*«fc3fciw»*ft*. 

[0 0 6 1 ] ^LT, T-*W£/im%'i 5 1 2tt, 
Bttl'W K1 5 0 66^x^7.* 15 0 1 (0t->« 
«*ffiy*»Lfe«»fi** % 5 0 4^LT 

s«L«PRf«o sfe oax-rz* 1501 fcx-* 

<?: LT»#&fcfc»©WK«*:£s 7-fV1 5 0 4^ 
LTBttCN-y K1 5 0 6fcSSfif*o fftfc-Sv 
W±/m^m 1 5 1 2 ti N K 1 5 0 6 

fcx LT«9>ltf7'*-trXiWIIHi^atf*Py 

ffl»OWi**te«jt*C£fc«fcoT, l^^>5f^7 
[0062] [MMCDBM 5 ] H 1 6 [*, XmiGHffl 

•r««IMr>*- 1 606L ^W-tVt-fcig^L 
*?fcB2(t*3Kr«1 609i, BttSSBU 
Ml 6 0 9»6(0B3tfc»U B& 3 Ffr&#lRlfciS?£& 

ot, ai7j«E«**eAstfy mi 6 0 7«t, -t> 



Wlw)^ uuj-oy iu/ 



n- M 1 6 0 6 *J*A/?«fv M8 1 6 0 7 t^fp) L/HS 
M©, Ml 6 0 66^6Htlfcf»«ttfeoT, 

- K« 1 6 0 5 »MI9«il4ir«iMWK 1 6 0 
1, 1 602, 1 603, 1 604, 1 6 1 0 <fc, M& 

flu »*a*ox'fy9 i *fcca3R*aL'7-Ktt 

16 11 *«*fc-fe;Mk a&flttSILTlvsffi&tft 
o 0 E©WftKtt*Ffck »IMz>-tf— 1 6 0 6$tt!j$ 

[0 0 6 3] ttUi&fc, MRAM©«t^JSa*^-rfe 
46, ■£MRK*Al<ifc*&a>--fl*pgi 7lc 

*K^*o WF*l7-R|1 7 0 5, e^h 

till 7 0 7t«!-T5o HKtttelk «IMr>-9— mi 7 
0 6©«fbWiilfc¥ff»CE«**lT^*li*7- F 

(1) (0) ©ffillfl©J|ft««W«2:« 0 £©&#! 
©M£3Wi, iI£©MRAMTHi, (A) HErt© 
-£|rJ£, JKJP*fiifi«lKfk«4MlliU:38:SJ:3&«Jg*» 
■6. «3fc£aW©*fi£©H«*mT£S£tc*S«fc5 
«:«Kt^ S*l/>tt, (B) WtfGMR©SV 
Mffl«fc5ft:ztt©»H41t#S&y, Pii*©»fb*lRlfl«¥ 

Biswas u y-mt&y mim&ntc-k>y- 

Sf[T£**©£-5±tf yBS**-T5 LTfif$S£ft 
^<fc LTBXy HJfo /</UX©fiTyW*3i«Wcbf 
v h«*»LT»*a**fr5ti©T**o 7- KM© 
-lr>1t-IH«:£^*fffflilWtf?IK©a35ttsa 
IMAS*^ tfv h«©«»tt«tt-fe>tf-Bi© 
«587J© 1 /2*a**8JS©iB(ff*ai***fc46{c 

[0 0 6 4] 7-K«»c*Esia«3it*3tu ; e 

©•©TtcASr^TO-tV^-MKltllitfflBf*. 
C©t*-b>^K©KISittiBrt©5BfkB»«i*fi]*^< 
£<!:{c&5 0 c©t*«fb©ttlliWT (D ©tttt^ 
e@gLfc*\ ££ (0) ©tttt/rSEMELfe^T^e 
v h «fc ttWPtiSa o fcStt©/ WXWEtfWMf 
*i*o Efttf, BI*tULWEta«o £fc fBeB§ti7 

- K«©/t/uz«at©3iTy t*-rs>^*a5t)-&Ttf 
v mic/^ux«t«au «BKbtfffl«M*is^fctt« 

T\ lfvhtt#S©»ircBHb©lRj**»£L (1) ■¥> 

(o) ©tt«*BS-rso 

[0 0 6 5] 6tCRy, CMOSffl¥#f*S 

*&160 1£LT, GaAsSfi*Il\ E©±fcp 



fc»3:ftfcS»fc«S W-hW 1 6 1 0*SB^Th 

=j-s 9 J7& (mos^>^) &mmt* 0 c©i- 
^yz/xzzBMtz Ku-r >fi* i 6 o 2, y-xfj 

^1 603tLfc o C©h^>5?X*©X-ry^-IM^lc 
«fcy, 7-Ktt^tf*y h^^^/\°;UX«^©B^ 

[0 0 6 6] CCT\ C©Hr>1t-it(E*«WtC«fc*S 

ikeiu *>^-«©aKbe««itfiiirt?9o o 

IftftttHK* y . SHHMtatlca LT¥ff t SS©tt 
tt££y3Sfcik MRAMSSIfl|S3?f 0 fc^'U S 

»iat©«»[a*tt*iiwr*fc46» 3R?jBtt*«yji 

[0 0 6 7] ^?T3<fc, *3Kai£iii£iE£ftK:S!E*l3 
A\ **l^«iB©-*|qHt:aEft5©T? % IQW©atlHr 

3$tt-2ltf0. 2~0. 2 5fimW5. I BMKcfc 
5 T M R**>tf-»C«l*fc«tTtt> 5 m 

w (mfrmu , 4 0mw w*a*) , 

#1 0 n s, R*tHU$IHtf 1 0 n sfflt?, -fe;U®» 
#4 9 F2©*>^fl^j«*tlT^*^ ***-;Mtt 

*ii*c©*iafc»B?-iW& sa^ttpesT, *s 

fc-fe Vtf-M©fiRfc£fiS-re*fc4k jgimatfffi 

<#**sft*i>r«BttjfM&s. c©-b>it-«©«fb3Er 

ffl#S:<ft*o cn**J»tta<fT5/'c46iCttaEW» 
Bl**09ltr«o C©«EWWH« 1 6 0 6©«ISi-b> 

•^-©Misicfssrsii ticcfe y, mmmm^oim 

[0068] 

SBai'sy K, IB«*?©-fe>-9— JimfiB 

< a^fct *u:a*ii*-r**siRitf * 
y> K*SE»(c:«arr*±7»^a7a5«o *^ *n 

W©fflS#-b>+»-ti, «tt©E»3SnSfc«fc5f'vyK£ 

[nawsm^i^B^] 

[B 1 ] HRWa¥WflM0*-;U«E©5tW*SStt*, 
[H2] «£*©*-; W»j|l*ffl^fc»M«ff-fe>^-© 

[@ 3 ] *»wK«fc«a«*-;wassffl^fc?iBii»ff 
•b>*-©«L Btiik mtKDfsma>-m^miim 
m„ 

[1114] *«WK«fe«SS*-/UaS€ffl^fc»BI«» 



0o 

[0 7 ] S£*-;l/»£0-agttStt*3Vr EL 

0o 

[09] *f|IEU:J:SH£'V;/ KOflMMattSK & 
tm&Ott&E&KlB t V h <D»BrttStt*i* Lfc0 o 

[hi o] *«wicj:«-f>*+y^ai©a«*-ji/» 
[0n] *aw(c«fc*-r>=p+*y^aj©s«*-;b» 

fiB (M£->-7bKtfBI©*£) o 

[012] 3-^«us®«*^a 

[01 3] a-<? m?Hiyy-t(oimm&(D-m 

aVTBo 

[014] 3-^taW4r>1t-t<0ttWHW)«a>« 

[015] me^^so^^ibf^ottSHL 

[01 6] *aWJC«fe3attl-b>1t-*fflt^cMRAM 
[017] *VtfHB(CMRlt£^fcMRAM®«55 

0o 

1 0 1 : GE») *-/W»Jlk 10 2: K**-lVSb 
*, 2 0 1: «^EPJ)P^[r], 2 0 2: WMWmfa 2 
0 3 : *-;U«E, 2 0 4: ¥^#M> 301: US* 
-/MIEE, 3 0 2: WMQTJlRk 303: WTOintt 
IrK 3 0 4 : «& 3 0 5: -feVIM* 3 0 6 : « 
4 0 1 : mafflflmSlRU 4 0 2: g£*-;l>*±, 

[01] 



01 




4 0 3: H*§Epjjn;£|pk 404:tE 405: 
-R 4 0 6: mm. 501: Sfo 5 0 2 : 5 
0 3 : 5 0 4: tt&fc 505: a®, 5 

0 6 : ftftfc 5 0 7: ±»Wis 508: ffiftmnlj 
fik 8 0 1 : SSfc-jMtE* 8 0 2: ««taHHl£lRk 
8 0 3: Bgft&ffl£lRk 804: SSWEPttl^lRk 9 0 

1 : matfflbllSlRk 9 0 2: S»*-;U*E* 903: 

M) , 9 0 4: »H S 905: ffi^f Bfi&tt (SB! B 
tS) v 9 0 6: $miBli$Stt (ISAIES) , 907:1 
ffc©*Gk 908a, 908b: *-/U«E (HJ7J) » 
10 0 1: KSt«« 1 0 0 2: t&IHSk 

1 0 0 3: ttE«mi& 1 004: ffim 1 005: 
■kyV-WL 1 0 0 6: rank 1 007: $g^M. 1 

0 0 8: ±»«>-;U KSVSI& 1101: T® a s-)U 
h\ 110 2: tfiHK 1103: ttEffilflHfc 1 1 0 

4 : &®m , 110 5: T35«« 1 
10 6: -b>-9-« (SS*-;u»iR«4rsa»ttft 

. 110 7: f&&& 1108: WBBL 1 

109: *fe» 1110: mmm (±w>->7 

ID % 1111: HE 1112: ±35->-;U KM, 

1201: m&mm, 1202: tshb^3-^ 1 

2 0 3: TttWfi5'-/U Fx 1 205: «jafifc-fe>? 

-Ms 1206: ±awwna-^, 1207: ±gpmM 

->-/U K, 15 0 1: vm?**** 1 5 0 2: 015 
1 503:^- 1 5 04:70, 150 

5 : 1 5 0 6: K% 1 507: 5?> 
;t;k 1 5 0 8: 1 509: X5f#-, 1 5 

1 0 : BKfMz>1t- , 15 11: 7^ii-^- i 
5 12: «#f& 1601: CM0S8¥*tt£fc 
1 6 0 2: KU-f>M» 1 603 V-XJjg, 1 604: 
f- b9k 1 6 0 5:9- 1 606: 

- mat*-ivum tu 1 6 o 7 : t?y msu 1 6 0 

8 : »«gp, 1 6 0 9: «3KQ12IDML 1 6 1 0 : ^- h 
SySPWEattDBM 16 11 ittaWHL^-KH 

[02] [014] 
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